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Physics Motivation
* The Standard Model (SM)

QUGS
— 6 quarks + 6 leptons uic|ft 0.9
— Interaction mediated by gauge fields || S |O} g
. o 1 ...Z ,....y
— Higgs boson at 125 GeV ! iz
elur WY
* The t-quark SlE
. . V|\V|V
— Heaviest elementary particle so far [ we—m"
— Yt = |, best probe to reveal

the mass generation mechanism

* LHC is the t-quark factory

— Enabling closer look at t-quark with unprecedented accuracy

Understanding the t-quark pair production cross-section (0,,) at the
LHC is the best starting point to test the SM and look for beyond




O, measurement at ATLAS

* Formulation of the o, at the proton-proton collider

Opp—tt f— 2/01 fz(ilfl) dxy /01 fz(SUQ) dxs

b

p -
1=43.49.9
- PDF
XOij—tt (CVS) Strong coupling
constant
x Vi i
tb CKM matrix Vtb
p
; = 1657} pb
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Precise measurement has been performed | AmLAs Preiminary L e Theory (approx. NNLO)
using clean channel Data2011,det=0.70-1.02fb m = 1725 GeV
* Dilepton (tt — llvvbb) and :
. . Single-lept : 1794 +9 =7
Single-lepton (tt — Ivjjbb) channel noreriepion e e
Dilepton e 173x6 1| 3
* d0o(Measured) (6%) < 00(Theory) (10%) | combined s 1773 % 27
. : (stat) = (syst) = (lumi)
* Strongly validated the SM | | . | | |
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Goal of the analysis

Measurement of the tt production cross-section in
T and lepton (an electron or a muon) final state
|. Alternative test of the SM, especially in decay process

2. Looking ahead the search for the charged Higgs boson

v
tan 3 = —
Ud
\ g 1+v) 1 1— s
i () o (52 )
Dominant
at large tanf
(H" — t'v)

* Challenging due to the difficulties of the t-identification

* Important milestone to be achieved at the LHC




LHC — ATLAS experiment

* Large Hadron Collider (LHC)
— World highest-energy pp collider
—Vs=7TeV, L =103 (I/cm?2s) in 201 |

e The ATLAS detector

Switzerland ‘ Fra

Inner tracker (|n| < 2.5)

EM calorimeter (0| < 3.2)
Hadron calorimeter (|| < 4.9)
Muon detector (|n| < 2.7)

Tile calorimeters

AT L \ LAr hadronic end-cap and . o .
_______________________ ) /& = / Pixel defector | /OrVard calorimeters Particle Identification
Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker M omentum &
Semiconductor tracker ]
n=—1In {tan (5) } Energy measurement
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Signature of the tt — t + lepton

* All quarks and gluons are detected as a
cluster of hadrons (hadronic jet)
* b-jet leaves measurable secondary vertex

Primary

vertex @
— T

- @ * Muon leaves combined track with
Detected as the missing Eq, :
, inner tracker and Muon detector
Calculated from p; imbalance

* Electron composes EM shower and
detected at the EM calorimeter
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Signature of the t-lepton

* Decay products of the t-lepton s
— Leptonicdecay (7" —e v 7 —pu7):35% - 7
1 . (o)
— Hadronic decay : 65% e - 1w
e 7T =71 4 (r): T =71t 4’ () =31
* Reconstruction of the t-lepton Ve Y d
— Focus on hadronically decaying t-lepton only
— Reconstructed as a jet : Collimated jet compared to the quark/gluon jet
g 0.7 — ?3 B ]
ook electron E - J—L electron -
j; T-lepton E 015/ t-lepton s
“F Hadronic jet : [ Hadronic jet
0.4F = 0.1 _
03- . : :
02 3 0.05 .
0'1? | é Track E E Reconstructed
O T T ey o Multiplicity 0= =55 0z o 0. Jet Width

— A lot of fake T objects coming from jets (and even from electron)
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Cross-section measurement

Background

Number of ‘
candidates Or " N, data M background 1 expectation
tt = C =
Signal acceptance (MC) ———— < L

N Integrated luminosity

Background to be estimated

Real lepton Z(— 1) *jet Di-boson Single-top MC simulation
Real T

Data-driven
Real lepton W (—Ilv) + jet
Fake T q

=

.17[

9 q

electron faking t Jet faking ©
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Data & MC simulation

e Data
— 2.05 + 0.08 fb"!

— Collected by single-lepton triggers
* Muon (pr > 18 GeV)
* Electron (p;r > 20 — 22 GeV)

* Monte Carlo (MC) simulation
— tt, Ztjet, W+jet, Diboson, Single-top
— Rescaled to 2.05 fb-!

— Reweighted to reproduce average
number of interactions per bunch
crossing to meet actual pileup
environment

7
- [ LHC Delivered
6 [ ] ATLAS Recorded
5 Total Delivered: 5.61 b ]
Total Recorded: 5.25 fb” ]
4 -
30 Apr —Aug, 201 | =
2 -
1= =
O_I L™ | 1 1 L v v 0y | R R 1
01/03 01/05 01/07 31/08 01/11
0.4 =
- —L Einsto-inel
0.3 Data ny fr -
0.2 — -
MC ;
i / simulation ]
i Jj—Ll_l_l_l_‘ 7
obe—1 . 1—‘ I B s B B
0 5 10 15 20 25

[rrrorr o T T vt L LR ]
— ATLAS Online Luminosity \s=7TeV —

Average # of interactions / bunch




Event Selection

* Based on the MC simulation to maximize the signal significance

| Electron (pr > 25 GeV) or
| Muon (p > 20 GeV)

2 2 jets (pr > 25 GeV)
with at least | b-tagged jet

E;™ > 30 GeV Loose selection

2 | T, candidate
* pr>20GeV

Ntrack = I(TI) or 2’ 3 (133)
* electron veto (multi-variable)

_

T T3 T T3

SE; > 200 GeV

N, (expected # of signals) 3683 (392) 8693 (120) 3269 (346) 8246 (105)
Signal acceptance (g) l.1 x 103 3.5x 10 1.0 x 103 3.0x 10+
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Events / 5 GeV

Data-MC/MC

Control plots

| lepton + | T, 4 E;miss > 30 GeV 2E; > 200 GeV, 2 | b-jet
at least 2 jets
r / > > N
5000~ Muon, T, e Data > S ge00r e Data G * Data
: , HQcD Q& F , HacDp © 500 , HaqcD
w000k fL dt=2051" w7 ot 5 30005 fL Gt=205" 7 et s fL dt=2.051" gz+jet
W+jet | 3 . W+jet - 2 400" W+jet
M 17— I+jjbb | (01 2500- ’ M 17— 1+jjbb I M 17— I+jjbb |
3000 f B & 1
QCD 3 i tt single -
2000 Multijet g R
: 10000 .
1000 W + jet . i 4,
" ] 500 o
' | "'oo "."s.
& 2e 0 aee
0.5 2 05 2 0.5F L w4
W%WWMW%WW%%% g 0 /ﬁ%fwww/fwm% g O%WMW{W’(W o
0.5 £ .05 £ .0.5- t -
100 150 200 5 770 200 400 800 8 0% 50 100 150 200
ET [GeV] Hy + ETSS [GeV] M (. ET™) [GeV]

Dominant background process : tt single-lepton Mz (¢, E5™)

> 98% of the background comes jets fakingt =~ /20 B

|.5% from irreducible background
0.5% from electron faking t

1 — cos Ag(¢, Emiss))
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Overview of the background estimation

I. Development of the discriminant variable

2. Template fit using discriminant variable
— Signal template (MC) + Background template (Data)

_ Signal region | O b-jet sample _ W + fake T sample

| lepton | lepton
+ 2| Tt cand. Common + 2| T cand. e
N].et > 2 Niet =0
Emiss > 30 GeV M: (6 Ef™) <20 GeV 40 - 100 GeV
>E > 200 GeV
! / 1
# of b-jet > | q ! I o

. ”

_ RN

! Ij,u J \q/'
Used to construct Used to validate Used to validate
background template * signal template background template
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Development of the discriminant variable

— Recursive cuts on a set of
identification variables

— Trained with 8 (11) jet-related

variables for T, (T;)

Boosted Decision Tree

0Ew

e Jet width at | e~ Centrality -

T-lepton — calorimeter | . fraction R
0.1— | L

Hadronic L 0,04~ ]
Jet 0.05| ] i
i 0.02

0005 07 04t 02 0% o3 0 02 0406 08 1
0.3 0,47

o2 Track width at 1 . Effective -

o2 Inner tracker 5 | invariant mass -

0.15[ - 0.2 -
04k 3 :

C 0.17 _

0.05F - 1

30

P I B L I ! |
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OO

Muon, T,
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[J
—

0.1

K/

® Data
Il acp
other EW
B 1 bkg
[ Jft—= 1+ Tpad
uncertainty

M B | I AR A A
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—

BDT output score
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Template fit using BDT output score

* BDT distribution for the fake T candidate has a different shape
according to the jet type : gluon, light-flavor jet (u,d,c,s), b-jet

-~

l,jet‘ 50.12— -
s = L 1 | Need 4 template ?
0.1\
j - 1 | = Not manageable
0.08 .
0.06| .
— ) B i
l woib ] Real T from
=~ : / signal event
.0 0.02~ — ;
g - N — [ | :
St % 01 02 03 04 05 06 07 08 09
BDT,

* Make use of charge correlation between t and lepton (OS, SS)
OS = Real T + b + gluon + light-flavor quark (OYS)
SS = b + gluon + light-flavor quark (SS)
OS —SS = Realt + light-flavor quark (OS — SS) «— No signal lost
* We can fit OS — SS distribution with only 2 templates
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Validation test of the OS — SS technique

0.15-

0.

—

0.05

-0.05—

* Gluon, b-jet fakes are cancelled out without loosing signals

L ATLAS Simulation ] - . :
0S - 0.4 ATLAS Simulation
- B tau - - Ptau
__ . . . 0.08— . .
— | llight quark . - | Jlight quark
b-quark . 0.06 b-quark
L Dgluon ] ‘:’gluon
] 0.04

;\25

0.02

02 03 04 05 06 07 08 08 1 0% 010203 04 05 06 07 08 08 1

BDT]

* Signal events are enhanced and only two components left

Perform the template fit to the OS — SS BDT output score
by using signal and the light-flavor background template

BDTj
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Construction of the template

w

a

o
T

e Si e . |
Signal template Sy o200 E
— Use MC after truth-matching oo D:?Tt'epm? t E
C — lepton + lepton .

to a real tT-lepton 200 WIZ—vc,Z—ee E

. - Single top .

— Fake T from electron is added 1505 biposon E
(subtracted after the fit) 100~ E

50/ T =

0: IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 4

. Background template m 0 01 02 03 04 05 06 07 08 B%'?'( )1
. = - -¢ 0 b-tag dat 1

— Use 0 b-jet sample 2 1400 2 simutton TS 3
2 ~ — Derived background _ 1

— OS - SS to be light-flavor origin 2 "% g it uncorany Jrazzoow
& 1000[— —

— Subtract real T component 200 - -
(e.g, Z — tt) using MC S 4 -

. 400 * . -

— Shape is corrected to reflect - : E
kinematic dependence on BDT Be—— :

% 04 02 03 04 05 06 07 08 09 1

BDT; ()




Validation of the signal template

* Check the validity to use MC simulation as a signal template

— Test the template fit method using Z — t 1,4 sample

2000

1500

OS - SS Events

1000

500

— Signal template (MC) + Background template (W + fake Tt sample in data)

— Bkg from fit
(5609)

— Signal from fit
(8297 = 189)

¥2Indf = 2.1

||||||||||_*_

f L dt = 2.05fb"

o+

7, Data

B 11| I 111 | I 111 | I 11 1 1 I 1111 I 111 | I 111 | I 11 1
0 01 02 03 04 05 06 07 08 09 1
BDT

i

I 7

# extracted signal 8297 + 189 2871 + 129
(% stat.)

MC expectation 8710 £ 436 2917 + 204
(£ syst.)

| ‘ * Jet energy scale (3% in T))
* Z + jet cross section (4% in T,)

Decent agreement is seen within uncertainty

* MC simulation can be used as a signal template
* Systematic uncertainty of 5% (t,) and 7% (t;) is assigned as the T
identification uncertainty on the signal acceptance
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Validation of the background template

|. Compare the background template derived from WV + fake t
sample to that of in 0 b-jet region

(0 b-jet)mc <:> (0 b-jet)pata

(W+ fake 7)mce
2. Compare the background template derived from 0 b-jet sample

(W+ fake T)pata X

to that of in signal region (BDT < 0.6)
g osk - 8 os[ ' .
E ®°F 4 W + fake T derived template s f 0 b-jet derived background :
s 04 ~t+ 0 b-jet background shape S 04 2| b-jet bkg. shape (BDT < 0.6) .
0.3 T ] 03[ NS E
T 4 . - :
0.2 1 e — 0.2 -
- —— B — —+— ]
0.1 —— —— — 0.1 —— L -
07\#\\\\\\\_}(_7 0:\+\\\\\\\—+;
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 |

* Construction method of the background template seems to be valid
* No additional uncertainty is added except for the statistical uncertainty
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Systematic uncertainty

* Source of systematic uncertainty
— Estimation of the signal acceptance
— Signal template
— Subtraction of the T contributions in 0 b-jet region

* Template fit is performed one by one for each 10 samples

Electron |dentification and Trigger efficiency 29 %

Muon pr resolution 159

Jet Jet energy scale / resolution 3.0 % 24 %
Jet identification efficiency

Tau Tau identification efficiency 3.0 % 3.2 %
Tau energy resolution

b-jet b-tagging efficiency 8.9 % 9.0 %

Simulation  PDF, MC generator, ISR/FSR, parton shower 4.0 % 4.1 %

Total 11.0% 10.8%
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OS - SS Events

Template fit in the signal region

4505_ - = 1b-tag data
4005— ---- Bkg from fit
350;— | Bkg stat. uncertainty
300F- — T, signal from fit
250F  y2ndf=0.2
200F-
150 § T |
100E Electron

501

O

det

ATLAS

=2.05fb"

-@-

"l

01 02 03 04 05 06 0.7 08 09

BDT, (

~

OS - SS Events

450
400
350
300
250
200
150
100
50
0

- =1 b-tag data ATLAS
--- Bkg from fit A
f L dt = 2.05 fb
| Bkg stat. uncertainty
— 7, signal from fit
¥2/ndf = 0.9 "

02 03 04 05 06 07 08 09 1

BDT, (v,)

- Extracted # of signals | # of expected (MC) | o, (central * stat. * syst. + lumi.)

W+ Ty
e + T,
W+ T3

e + T,

445 + 43
391 * 46
125 + 33
105 + 30

338
16
101

189+ 17+20+ 7 pb
177 + 43+ 21 + 6 pb
190 + 20+ 20 + 7 pb
171 +47 21 + 6 pb

* The result shows a decent agreement with expectation in ~lo
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OS - SS Events

* Jet multiplicity distribution

Jet multiplicity distribution

— T candidate is counted as a jet

BDT = 0.7
= 72
900~ -¢- =1 b-tag data ATLAS | ¢ |
- 3 Wos001-
800 ---. Bkg from fit 438 I
700F- Bkg stat. uncertainty f =205 2 @
= : + 3 O2000- 7
600~ — <, signal from fit = ; %%
500 y2ndf=05 [ ‘ E 15005//
400 _+_ """ — 7
- : —— 3
3005 E E 1000
200F- =
- —— B N — =
100 =
0 * | E—— Iﬁ 111 | I IIIIIIII E-I--I-I--I-I--I-I--I-I-- L1 L1l
0 01 02 03 04 05 06 07 08 0.9 3 4 5

1
BDT, (v,)

[2]
e Data 15 i e Data ]
other EW | 3 r other EW ]
M it bkg @ 5001 M it bkg

LIt > T 47,y 1 7 Lt =1 +7,,, ]
uncertainty - O 400 / uncertainty |
BDT <0.7 | . BDT > 0.7 |
300- .

T, +T ; T, +7T
| 30 oo | 3
-4 100F -
[ ““T 07\\ ‘ L1l L1 L1 . L \L\ L1 \&\\7
7 8 9 10 3 4 7 8 9 10

Jet Multiplicity

Jet Multiplicity

* We actually observe the signal events from the data
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Combined cross-section

o, [pb]

102

10

Combine all the cross-section measurement
— o, = 186 £ 13 (stat) + 20 (sys) * 7 (lumi) pb (MC : 1657} pb)

— do/o = 13%, most precise measurement in T + lepton channel,
verified the Standard Model including its decay process

= Approx. NNLO (pp)
. Approx. NNLO (pp)
= CDF
+ DO

/e l+au 186+ 2 pb
v l+jets179 =12 pb
A Dilepton 173 = ]/ pb

200

150

ATLAS Preliminary

Data 2011
Channel & Lumi.

Single lepton  0.70 b’

15 May 2012
Theory (approx. NNLO)
form, =172.5 GeV

— stat. uncertainty
— total uncertainty

O +(stat) =(syst) =(lumi)

179+ 4+ 9+ 7pb

Dilepton 070"  —e— 173+ 6 *1* *5pb
All hadronic ¢ 167 +18 78+ 6 pb
1.02b"
Combination . 177+ 3 "%+ 7pb
New measurements
Tpaa + JE1S 1.67 fb™ 200 19+42+ 7pb
Toag + lepton  2.05 fb _—— 186+13 =20+ 7 pb |
All hadronic ; 16812 *¥+ 6pb
i id | - | |

50 100 150 200 250 300 350

o, [pb]
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Interpretation to the charged Higgs

* Set the upper limit on B(t—H*b)

* Ratio of the observed cross-section between di-lepton and the
T + lepton channel after cancelling out common systematics

B(t—H?*b), assuming B(H*—tv) = | o,(tt — t+lepton) / o,(tt — dilepton)
0.12_ o

- == expected 1-Sigma o § 1_4__ _
v | 95% C.L : :
N expected 2-Sigma - —
0.08. — Observed 1.2~ 1.01 .
- - } + 0.04
0.06/ || } + ------------- + ------ .
0.04 08l _
0.02 I Z
O 0.6— —

_I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 -l. T -l. -l. C
%O 100 110 120 130 140 150 160 *uy te, te, *uy Omep;

H+ Mass (GeV) oty ®+e e ®+y e,

* The method developed in this analysis is being used for the new
physics search, where tt — t + X is the dominant background




Conclusion

* Establish the method to extract tt events including a
hadronically decaying t-lepton from 20 MHz pp collisions
|. Application of the multi-variable & template fit

— Keep high signal acceptance

2. OS —SS subtraction

— Model the background in a data-driven way (reduce systematics)

Oy = 186 + |3 (stat) + 20 (syst) + 7 (lumi) pb

v" The most precise measurement in T + lepton final state (~13%)

v Good agreement with theoretical prediction (165"} pb),
demonstrating the validity of the SM

v" Set the upper limit on the branching ratio B(t—H*b) < 4 — 8%
v The developed method is being used for the new physics search




Run Number: 182424, Event Number: 2582762
Date: 2011-05-21 20:51:17 CEST

AL

" Thank you
for /our attention}

/?\

D‘

Accepted by PLB on 8, September (arXiv:1205.2067)
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Linearity of the fit method

* Perform 5,000 pseudo experiments
— Fluctuating all the possible distributions by poisson

— The amount of signals are varied from 0 to twice the SM

to check the linearity and the bias of the result
= 1800
1600

2/ ndf 2.238/8
Prob 0.9728

1400
1200
1000

po -1.764 = 0.9504

p1 0.9989 + 0.000923

extracted # of sign

800
600
400
200

Slope : 1.0
T, Intercept :-1.7 £ 1.0
SM value

1 1 I 1 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1
200 400 600 800 1000 1200 1400 1600 1800
# of expected signal

LL

Confirm the good linearity and almost no bias of the result




ATLAS detector

—_——

",——_—— Pro\'_On 3 ,5 TeV

Inner Tracker (|n| < 2.5)

TRT

* Pixel (50 x 400 um?)

e Semi Conductor Tracker (80 um)

* Transition Radiation Tracker

Calorimeter

Tile barrel Tile extended barrel

LAr hadronic ', \ /
end-cop (HEc)\g;YII,” 277
: " r =&

LAr electromagnetic
end-cap (EMEC) ’ *

i >

* EM calorimeter (22X,)
—n[ <32

—nl <49

Hadron calorimeter (> 10M)

Muon detector (|n| < 2.7)

Thin-gap chambers (T&C)

Cathode strip chambers (CSC)

chambers (RPC)

Monitored drift tubes (MDT)

Precision Tracker

— Drift Tube detector
Trigger detector

— Multi-wire gas chamber
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MC tuning to reflect pileup events

PP ANV, « Additional pp collisions / bunch crossing

N\ EXPERIMENT

— MC is reweighted to reproduce average # of
interactions per bunch crossing

— Sanity check using Z — pu control region
for the jet multiplicity distribution

2 10’ 4 2
W reweight g z + jet ] w reweight gz +jet
W + jet W + jet
10° Othertt 3 Other tt
[ tt—>yr, +bb - [ tt—>yr, +bb
0.47= ] 10* uncertainty — uncertainty
: : a
. ] 10° =
0.3 —L Data | E
- _(/ ] 10° E
0.2 B ~ 10
B MC simulation 1
o1 Jj - I I R Y B
- . 0 123 45€6 7 829 0 123456 7 829
0= Y T Jet multiplicity Jet multiplicity
0 5 10 15 20 ey
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Breakdown of the systematics

T+ W T+ e T+ U T+ e
dA/A (%) dA/A (%) do/o (%) do/o (%)
muon py smearing 0.0 / +0.1 +0.0 +0.3 0.0 / +0.1
muon trigger SF +1.6 +0.0 —1.1/ +1.5 +0.1
muon identification SF +0.0 +0.0 —0.1 /0.0 +0.0
electron pr smearing +0.0 0.0 / 40.2 +0.2 —0.2 /0.0
electron energy scale +0.0 +0.5 -0.3 /401 —-0.2/+404
electron trigger SF +0.0 +0.8 -0.1 /402  —-0.7/+1.0
electron identification SF +0.0 +2.9 -0.5 /406  —2.8/+2.7
jet energy scale —2.8 / +2.3 —3.4 / 4+3.0 —-2.0/+22 -19/+28
jet energy resolution +0.5 +0.4 +1.0 +1.2
jet identification efficiency +0.0 +0.0 +0.2 +0.0
b-tag SF —5.7 / +5.3 —5.3 / +4.6 —7.7 / 4+9.0 —7.5/+8.9
ISR/FSR +4.5 +5.7 +4.8 +3.5
parton distribution function +2.0 +2.1 +2.0 +2.1
parton shower 0.0 / 40.3 0.0 / 40.3 —0.3 / 0.0 —0.3 /0.0
MC generator +0.7 +0.7 +0.7 +0.7
7 identification (77) +5.0 +5.0 -3.0/+32 =27/ +3.0
7 identification (73) +7.1 +7.1 —-31/434 =29 /432
total (77) -96 /+9.3 -10.6 / +10.1 | —10.1 / +11.3 —=9.7 / +11.1
total (73) ~10.9 / +10.6 —11.7 / +11.3 | =10.2 / +11.3 —9.8 / +11.2
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Event yield

T+ U 1 T3

0 b-tags > 1 b-tags 0 b-tags > 1 b-tags
0S SS 0S SS 0S SS oS SS
u+jets | 5005 £ 72 3022 £ 56 | 496 £ 17 297 + 13 | 12230 £ 120 8669 £ 89 | 1293 + 28 928 £ 24
multi—jets | 465 + 140 537 + 160 117 + 35 146 + 44 995 + 300 1123 + 340 | 464 + 139 401 + 120
tt(u+jets) 308+ 4 163+ 3| 15284+ 9 660 + 6 685+ 6 443 + 5 | 3484 + 13 2000 + 10
tt(p + e) 34+ 1 <1 12+ 1 1+ 1 1+ 1 <1 24+ 1 <1
Wt(r + ) T+ 1 <1 18+ 1 1+ 1 24 1 <1 54+ 1 <1
Z —7r | 301+ 13 24+ 1 16 + 3 <1 54+ T 1+ 1 3+ 2 <1
th(T 4 ) 60 + 2 <1 390 + 4 24+ 1 17+ 1 1+ 1 118 + 2 24+ 1

~ Total | 6149 + 160 3724 £ 180 | 2577 £ 40 1106 + 45 | 14010 + 323 10240 + 350 | 5371 £+ 139 3322 + 120
Data | 5450 £ 74 3700 + 61 | 2472 £ 50 1332 + 36 | 13322 + 115 10193 4+ 101 | 5703 £ 76 3683 + 61
T+ e 1 T3

0 b-tags > 1 b-tags 0 b-tags > 1 b-tags
OS SS 0S SS 0S SS 0S SS
etjets | 3949 £ 63 2590 £ 51 380 = 20 256 + 16 | 10140 £ 100 7530 = &7 | 1120 £ 33 841 £ 29
multi—jets | 602 + 180 617 + 185 165 + 50 135 + 41 2010 + 600 2020 +£600 | 690 + 207 606 + 182
7 — ee 92 + 10 34+ 2 9+ 3 <1 11+ 3 24+ 1 <1 <1
tt(e+jets) 273+ 17 146 + 12 | 1335 £ 37 599 + 24 633 + 25 399 + 20 | 3093 + 56 1780 + 42
tt(e + e) 2+ 1 <1 11+ 3 <1 <1 <1 2+ 1 <1
Wt(r + e) 7+ 3 <1 17+ 4 <1 1+ 1 <1 6+ 2 <1
Z —Tr | 217+ 15 24+ 2 15+ 4 <1 56 + 8 1+ 1 3+ 2 <1
tt(T + e) 54 + 7 1+ 1 342 + 18 4+ 2 15+ 4 <1 103 + 10 24+ 1

© Total | 5200 £ 190 3360 4+ 190 | 2274 + 68 995 + 50 | 12870 + 610 9950 + 610 | 5020 + 217 3226 + 192

Data | 5111 + 71 3462 + 59 | 2277 + 48 1107 £33 | 12102 + 110 9635 + 98 | 5033 + 71 3192 + 56
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P(N)

CLs method

Signal + background

Background only

~ ~
-~ -
- iy

Nobserved Number of events
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b-tagging

Light jet rejection
5, 3

—_
o
N

10

d.

ATLAS Prellmmary : :
: — JetProb

E '0‘5' mnnne SVO
[ RS : : :
A : : :
- N 5 5 5
"t g . g : IP3D
=, : ‘%, | : :
4, : o : :
////,///,5 ':0" S SVA
.......... /:/,/./././;.. , g‘\‘
H 4 H - H H
TN Cwien IP3D+SVH
Yty 1, Z//’/I/é "0 E
17,72, & .
///’.(//l,/////// :’o’ JetFltter
. ///// '
7, LJ

IP3D+JetFitter

it S|mulat|on \7—7 TeV
p’et>20 GeV wet|<2 5

3

04 05 06 07 08 09

b-jet efficiency

IIII|IIII|III‘§\__,

1

Use IP3D + JetFitter
with 70% efficiency point

Light-flavor jet rejection
~ 100
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Variables used for the BDT

Variable Eqn. Jet discriminants
Cut LLH BDT
m | m 1 m
Rirack 11 e o o o o
Jirack 12 . e o
Jeore 13 e o o o
NEo o o o o
Rcal 14 o o o

fiso 15

Meft, clusters 16 e o
Miracks 18 o i
g gight 19 . . .
20 o o

S lead track

pr Weighted track width

1

AR;<0.4
Zi Pri

Rtrack —

E; weighted shower width

AR;<0.4

> Er AR,
AR;<0.4

> Er,

1

Rcal —

Effective invariant mass

2 2
Meff. clusters — < E E> - ( E p)
clusters clusters

Centrality fraction

ZAR¢<O.1 ET,Z‘

]

ARj <04
> Er;

f core —
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Boosted Decision Tree for electron

* Boosted Decision Tree against = F o
electron is also developed : —election ]

0.5 =

e CutonBDTe >0.51 to remove g ]
fake electrons 0 -

* Rejection factor ~ 60, estimated £ oos- =

Z — ee control region e e ]

0 01 02 03 04 05 06 07 08 09 1

BDT,

70000 . 2 L a00F .
8 : f" gt 2.05 1t o g%tiﬁboson _E 8 1400/ f Ldt=2.05fb" o g?;tiliboson E
00000 Z + jet = 5 12001 Z +jet =
e f W + jet - S y W+ jet g
(50000 & -,z_,,,mg_ = 1 1000— . % -tz—>ll+b5_ =
: —l4jjbb ] - — L4jj -
40000 gg—m:” +bb 8001 % @ ggﬂlﬂbzbﬁ —
- uncerfainty - |:> - s 7 uncerfainty -
30000} . = 600| 5 v 2 -
C . - 7z N
20000 . - BDTe > 0.51 400 ° « ¢ =
10000F- . E 200F- ¢ 2 =
g .O..” A g E : ./‘Z{///’/OV// b /ﬁ ,:!
05 —*28°%28%%60 80 100 120 TR0 00 *287%0 60 80 100 120 140 160 180 200

m(t, lepton) [GeV] m(t, lepton) [GeV]



Comparison with CMS

CMS Preliminary, \s=7 TeV

tt channel ATLAS CMS
040 10% (0.7) 9% (1.1)
CMS e/p+et
{ + jet 7% (0.7) 9% (1.1) TOP-1130L3L(£02-1.1/fb) 1O sty PP
T4/ 13% (2.1 18% (2.2
: CMS t+et
T —|_ -.]et 24% (1°7) 23% (3'9) TOP—1’|:COOJ4e(LS=3.9/fb) 15(?3|i;313ii5)’3§|ui;|? pb
all hadronic 32% (4.7)  33% (1.1)
combination 6% 8% CMS dilepton (ee L, ep) 162+ 2+ 5+4pb

TOP-11-005 final (L=2.3/fb)

(val. + stat. £ syst. £ lumi.)

CMS dilepton (et,ut)
arXiv:1203.6810 (L=2.2/fb)

143+14+22+3 pb

(val. £ stat.+ syst.+ lumi.)

CMS all-hadronic
TOP-11-007 (L=1.1/fb)

136 + 20 + 40 + 8 pb

(val. £ stat.+ syst.+ lumi.)

[ Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
B Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030

= Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097

[C—1 NLOQCD | | |

\
0 50 100 150 200 250 300

o(tt) (pb)
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BDT dependence on Kinematics

* Higher py result in higher BDT
* Higher Number of jet result in lower BDT

- 0.7p . - 0.7p -
0 - ’ 0 - ’
@ C ] @ C ]
0.65 — 0.65 —
- e - -
0.6 P G — 0.6 —
—— ’ ’

_._ '
0.551— — — 0.55— e —
e ——
- ] - —¢
0.5 — 0.5 —
0.45 — 0.45 —
0 4_ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ . O 4: \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ :
0O 10 20 30 40 50 60 70 80 90 100 o 1 2 3 4 5 6 7 8 9 10
tau p_(GeV) Number of jet (except T jet)

* tt has higher p; & higher jet multiplicity
* W + jet has lower p; & lower jet multiplicity (O bjet)
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Tau ID systematic uncertainty

* If there are more tau than nominal MC,
— Signal template shape stay same (no effect)
— Subtraction of Z — 77, tt in 0 b-jet region goes up
— As a result, BG template is distorted

- ] E . N . I ]
250 Nominal signal template 4 g [ Nomina ;‘E ]
- . . g 0'3__ +|sigma P ]
2001 + |sigma ——— - :
S - [ - Isigma i
1s0f - !SlgMa = 0.2 ]
1003— == —f E | E
C == 7] 0.1 ]
50 == - - l i
ST A T B R N N I A P P D S D S S
0O 0.1 02 03 04 05 06 07 08 09 1 00 0.1 02 03 04 05 06 07 08 0.9 1

BDT,; (1prong)

* Shift in acceptance( 1) and Niignal ( 1) are cancelled out
* The opposite thing occurs in case of b-tagging efficiency
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Combination of the BG template

* electron & muon channel are combined when
constructing the background template
— After subtracting tau and electron component,

background BDT distribution are compared and
found to be identical

A 2 = 3
I - ] c C =
§ - OS —|— 0 btag, electron 1 o 0'355 SS — 0 btag, electron -
L 03__ —] L _ ='= b
Q - —1—  —} 0btag, muon : a 0.3~ —} 0 btag, muon =
0.25— == - - .
o2 E 0.2f- E
0.15F = - 5

5 == = E

L . :t: — C _

0.1 n ¥ ] 0.1 7

u ] T —= ]

C —t— n ]

0.05F — 0,05 =

C \ | | | | | | | | . C ——
%01 02 03 04 05 06 07 08 09 1 000402 03 04 05 06 07 08 09 1

BDT, (x,) BDT, (v,

__________________________________________________________________________________________________________________________________________________________|
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QCD multi-jet estimation

Template of the QCD distribution is derived from

non-isolated lepton sample

The normalization is derived by using M+ < 40 GeV
by fitting QCD template and other SM processes

400F

350F

Events /5 GeV

300/~
250
2oo§+
150[ ¢
100

501

JLm=205m1

of Sesoesee ]
0 20 40 60 80 100120140160180200

e Data -
ST, diboson -
Z + jet B
W + jet
ti—ll+bb
M ti—1+jjbb
Dttemhaﬁbb ]
7 uncertainty _

My (1, ET*%) [GeV]

Events / 5 GeV

Data-MC/MC

500

4001

3001

I J-Ldt=2.o5fb‘1

e Data
Bl QcD b
ST, diboson
Z + jet ]
W + jet 7
tt—Il+bb
% M tt—1+jjbb
=~ [ tt—ut  +bb |
i{“} s uncer?amty 1

: :

OBkt A
0.5 ¥ A
0 50 100 150 200

My (1, ET"%) [GeV]
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Production process at LHC

+ Light charged Higgs (M < Mgz

— gluon fusion + tt production

* Heavy charged Higgs (m_q . < Myy) ¢

— gb fusion

H* decays to
™v

—CS

—1tb

— W'h°
W*A°

Branching ratio

----- BR(t— H'b)

III|III|III|III|III|

|
//

- L™ .
T YT TR EPTTE L L L ]
- — — =
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Boosted Decision Tree

* Multivariable, trained by known S/B sample

— Consists of lots Yes / No questions

1.| Y>a?

No
2| X>b?
No Yes y Yes
ZS Wy 4. Y>d? d
e o
2sWs+ 2p W "°'/ s
2s Ws D p Wh e
(]

Gini = p(1—p)=
' Pe 2 Qsws+ 2p wb)?'

— Cut is optimized at each question so that signal purity (p)
times BG purity (1-p) become minimum

— The output value is a purity
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Matrix Method

* Alternative background estimation method

* Solve simple system of equation for BDT = 0.7

tight tight -
£l = Nieal e = Niaee efficiency from MC
real — 9 ake —
Nloose Njogse fake rate from Data
Ntight . Ntlght . gfake Nl()ose . Ntlght
real data data Ereal data
Ereal — Efake
Zg 0.8F = — MC sig. + MM back. ATLAS 7
5 = & 500~ _, . =
Z 0.7; = 8' - ata :
- —O0—F - —e— MM back. —
2: -e-ereal E 8 400? |:|MC. back R R E
“E =Stake 3 300(— # ! = |65
0.4F = - B o eemmeeennad - N
TE E C J.Ldt=2.05fb' ; .
03 = 2001 g 4 13 (stat)
0.2F N = e e : ’
¥ 5 —— 100 ¢ | , _, 1 +16/-15 (S)’St)
OE"w‘H‘\HHm‘H\‘HmHH\HH\HH\HH\H‘E 0 - i6(|um)
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
EM-fraction EM-fraction

__________________________________________________________________________________________________________________________________________________________|
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Interpretation to H*

charged Higgs search @ ATLAS

Our result
? i. T | T T 17T | T T 17T | T T 17T | T T 17T T T 1T | T T 17T | T T 17T T J:
L [ ATLAS 1
B(t—H%b), assuming B(H*—1v) = | N 1
0.121 1 - —— Observed CLs Data 2011 i
0.1:_ — = expected 1-S?gma 95% C.L o 1 3 - Eﬁpected (s =7 TeV E
[ [ ] expected 2-Sigma u — = 20 ]
0.08 — Observed : =<0 f Ldt=4.6fb" -
0.06 107 E
T e
0.02 — ol i
B 10 - t+lepton ]
%0 - I1(!)0I - I11|()I - I1|26 - I1:|3()I - I14j'd - I‘Iéd - 160 :II | L1 1 | L1 1 |I L1 1 | L1 1 |I L1 I| L1 1 | L1 1 I| II:
H+ Mass (GeV) 90 100 110 120 130 140 150 160

m,. [GeV]
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CMS,\Vs=7TeV,L=4.6fb"

T T T
E 95% CL Excluded:

-§ 45E [] Observed B / g
E y
el
/"

Expected

40F +10 Expected
E +20 Expected
35 | Lep

25F V'
20E ///
//

15 3
i i
Charged Higgs boson search @ ATLAS 5 MSSM ™ sconario, M, = 1TV
60 T T T T T 1T L L 1T 17T 1T 17T 1T 17T 01-00. - l260. - l300. - .460l - -500
= 0% | | | | | | m, [GeV]
S [ ATLAS L.
T eon mE \s=7 TeV _ Allowed region in tanf} - my, plane
- Data 2011 j~Ld’(=4.6fb'1 lfi < 60—
- o § . — = expected 1-Sigma ]
40 — —- Median expected exclusion 7 50— . -
- 74 - [ ] expected 2-Sigma ]
- |:| Observed exclusion 95% CL . N ]
30_— ------ Observed +1o theory / 4 - 40 :— Observed . —:
I BCITIEIEIEY Observed -10 theory i E E
:_ ] 30_— —
- S R s=7 TeV B
10/ det=2.05 [

90 100 110 120 130 140 150 160 0-—50""100 " To 120 130 140 150
m, [GeV] H+ Mass (GeV)
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Ratio Measurement

* Ratio of the observed cross-section between di-lepton
and the T + lepton channel

— Cancel out common systematic uncertainty Combined
. . . . +
— Enhancement from unity indicates new physics .01'£0.04

o uu-channel — | | o 14 i j
P ut-channel . | i : ;
breg et Ratio e | |
. / — 1.2 L § -
PDF —e— T (Mt M’M) | * I j

’ \\ |

General tor —— °- | | e I
: : > ‘ ‘ 1>l\}-” ———————— + ———————————————————————————————— - '} —————— '
ISR/FSR ﬁ% § - : ;
JER . .- . : 1
§ 3 | 0.8 : _
electron Q ' 6 : 1
—— - 0.6 -
e \\‘\\\\‘\\3\\‘\\i\‘\\\\‘\\\\ ‘\H\‘HH‘\\H‘\\Hi\\\\m\\‘\\\\‘\\\\ . T = T T IJ_ 07
150 160 170 180 190 200 210 1.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1. *u *eo e, THy Ome,;

cross section (pb) Ratio & * 4 7e 4 o Moo ‘e * e
I ————————————————————————————



What is interesting about t-quark ?

Anomalous couplings
[ Color flow Rare decays
Branching ratio
CKM matrix element |V,, |
W helicity New physics contributions

L

Mass, charge, width

Q [ Spin correlation ]

QCD charge asymmetry A g

4 N

Cross section
Differential cross section
Production mechanism
Lorentz invariance violation

\New physics contributions )

+ electroweak single top production
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Difference of the Event selection

ATLAS b

CMS

H; > 200 GeV

Charge correlation
OS - SS
OS

Acceptance (Br inc.) : ATLAS = 0.1%, CMS = 0.03%
S/IN : ATLAS =0.1,CMS =0.5

V pr > 20 GeV

4 | pr>20GeV

E.mss > 30 GeV
UV e.m= > 45 Gev

L _|pr>22Gev
e pr > 35 GeV

2 jets with
pr > 25 GeV

b pr > 35 GeV

70% eff. point

Large stat. in ATLAS, while better S/N in CMS 76% eff. point

2 | btag jet with
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Comparison of Systematic uncertainty

ATLAS CMS

Tau identification 3% 6%
Tau miss-identification 5% 12.6%
modeling Modeled by anti b-tag data

b-tag 8% 5%
Jet 3% 5%
PDEF generator, ISR/FSR 4% 4%
electron 3% 3%

* Difference of t identification, Jet, b-tag is understandable
— Due to the template fitting (correlation between 4 BG template)

— As far as comparing with dA/A, it is same order

* Difference arises from t miss-identification modeling
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Tau miss-identification modeling

* So-called, background estimation uncertainty

* ATLAS

— Background is modeled by anti b-tag CR

— Kinematically close to the signal sample, enough not to add
additional uncertainty

— OS —SS subtraction eliminate the uncertainty related to
the jet composition (b-jet, gluon jet)
« CMS

— Miss-identification rate is estimated by W+l jet control
region and QCD multi-jet control region, like,

-N n._J -N vn_J
¥ )_.j ("’Jw* jets, i + ) )_.,' w]ecD,i
2

Nmisid —

N —n ] -N =N .
Li Lj Wiy, etsi — L L Wocn, i
|

Nmisid —
2 / 25
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Event selection

Muon O, measurement
channel

Trigger Single lepton trigger, pr > 18 GeV
Lepton pr > 20 GeV
Tau OS tau candidate OS tau (likelihood ID, 30% eff.)
pr > 20 GeV pr > 20 GeV
Jets 2 2 jets (pr > 25 GeV) 2 2 jets (pr > 20 GeV)
|JVF| > 0.75
b-jet 2 | b-tagged jet (70% eff point)
Missing E; E; ™ > 30 GeV --- (use as final discriminant)
2E; 2E; > 200 GeV 2pr > 100 GeV

(All track associated to the PV)

* of(tt) analysis uses BDT as a final discriminant, while H* analysis uses E;™'ss
* Acceptance (Br.included) — o(tt) : 0.1%, H :0.08%
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